and blood flow in the rat gastrocnemius-plantaris-soleus a/ter hindlimb suspension, J. Appl. Physiol. 73(3): 1135Physiol. 73(3): -1140Physiol. 73(3): , 1992 --The purpose of this study was to test the hypothesis that hindlimb suspension increases the fatigability of the soleus during intense contractile activity and determine whether the increased fatigue is associated with a reduced muscle blood flow. Cage-control (C) and 15-day hindlimb-suspended (HS) rats were anesthetized, and either the gastrocnemius-plantaris-soleus (G-P-S) muscle group or the soleus was stimulated (100 Hz, 100-ms trains at 120/min) for 10 min in situ. In the G-P-S preparation, blood flow was measured with radiolabeled microspheres before and at 2 and 10 min of contractile activity. The G-P-S fatigued markedly at this stimulation frequency, and the differences between C and HS animals were not significant until the 9th min of contractile activity. In contrast, the stimulation resulted in faster rates and significantly larger amounts of fatigue in the soleus from HS than from C animals. The atrophied soleus showed significant differences by 1 min of stimulation (C = 70 + 1% vs. HS = 57 + 2% of peak train force) and remained different at 10 min (C = 64 + 4% vs. HS = 45 _+ 2% peak train force). Relative blood flow to the soleus was similar between groups before and during contractile activity (rest: C = 20+_ 3 vs. HS = 12 + 3;2 min:C = 128+ 6vs. HS = 118 +4; 10 min: C = 123 + 11 vs. HS = 105 _+11 ml. min -_. 100 g-l). In conclusion, these results established that 15 days of HS increased the fatigability of the soleus, but the effect was not caused by a reduced muscle blood flow.
--The purpose of this study was to test the hypothesis that hindlimb suspension increases the fatigability of the soleus during intense contractile activity and determine whether the increased fatigue is associated with a reduced muscle blood flow. Cage-control (C) and 15-day hindlimb-suspended (HS) rats were anesthetized, and either the gastrocnemius-plantaris-soleus (G-P-S) muscle group or the soleus was stimulated (100 Hz, 100-ms trains at 120/min) for 10 min in situ. In the G-P-S preparation, blood flow was measured with radiolabeled microspheres before and at 2 and 10 min of contractile activity. The G-P-S fatigued markedly at this stimulation frequency, and the differences between C and HS animals were not significant until the 9th min of contractile activity. In contrast, the stimulation resulted in faster rates and significantly larger amounts of fatigue in the soleus from HS than from C animals. The atrophied soleus showed significant differences by 1 min of stimulation (C = 70 + 1% vs. HS = 57 + 2% of peak train force) and remained different at 10 min (C = 64 + 4% vs. HS = 45 _+ 2% peak train force). Relative blood flow to the soleus was similar between groups before and during contractile activity (rest: C = 20+_ 3 vs. HS = 12 + 3;2 min:C = 128+ 6vs. HS = 118 +4; 10 min: C = 123 + 11 vs. HS = 105 _+11 ml. min -_. 100 g-l). In conclusion, these results established that 15 days of HS increased the fatigability of the soleus, but the effect was not caused by a reduced muscle blood flow. After 15 days, the HS and control rats were anesthetized with pentobarbital sodium (50 mg/kg body wt ip). A Silastic catheter (0.6 mm ID, 1.0 mm OD) was surgically implanted in the ascending aorta via the right carotid artery, as previously described (16) .
This catheter was subsequently used for recording arterial pressure and the infusion of radiolabeled microspheres for blood flow measurements.
A second polyurethane catheter (0.36 mm ID, 0.84 mm OD) was inserted _4 cm into the tail caudal artery, as described by Chiueh and Kopin
(3) with several modifications (4), to withdraw blood for the blood flow measurements.
Muscle preparation and stimulation.
After catheter implantation the left gastrocnemius-plantaris-soleus (G-P-S) muscle group was prepared for in situ stimulation. The muscle group was exposed and dissected free of surrounding tissue, with its blood and nerve supply left intact.
Silk thread {4-0) was secured to the distal end of the Achilles tendon, and a small loop was tied for subsequent attachment to the force transducer. The rat was placed on a fixed platform within a 50 × 50 × 90-cm Plexiglas chamber maintained at 35°C, and the hindlimb was secured as previously described (30). The leg was immobilized at the ankle by a U-bolt fastened to the base of the platform.
The skin that had been dissected free from the leg was pulled over a flange on each side of the platform and secured by stainless steel wound clips. The muscle and nerve preparation was kept moist with a gauze pad saturated with rat Ringer solution (in mM: 137 NaC1, 4 KC1, 1 MgClz, 1 KH2PO4, 12 NaHCO3, and 2 CaC12). In a second group of HS and control animals the soleus, composed primarily of slow-twitch type I fibers (2), was freed of surrounding tissues, with the blood and nerve supply of the G-P-S muscle group remaining intact. The isolation of the soleus involved dividing the gastrocnemius into its medial and lateral heads and carefully pulling back the two heads of the gastrocnemius and the plantaris such that their contribution to soleus force production was minimal. A silk thread loop (4-0) was tied to the distal tendon, the rat was transferred to the Plexiglas chamber, and the leg was fixed to the support, as described above. output was amplified and displayed on a pin recorder (model 735-1320, Narco Physiograph). Fatigue studies. Isometric train force (Ptr) of the G-P-S or soleus was recorded at 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, and 10 min of contractile activity. The muscles were stimulated with 100-ms trains of 100 Hz at a train rate of 120/min. The train duration was selected to obtain high but not peak tetanic force, because prolonged tetanic contraction might impede blood flow and prevent detection of flow differences between control and HS animals. This stimulation protocol has previously been shown to elicit fatigue and high blood flow in the G-P-S muscle group {17). Muscle blood flow was measured before contractile activity (resting flow) and during the 2nd and 10th min of contraction.
Blood flow measurements were made only in the G-P-S preparation.
Blood flow measurements. with an initial (1-2 min) rapid fall in force followed by a steady-state phase in which force is maintained or falls slightly. During the 10-min train stimulation period the soleus of the control and HS rats fatigued an average of 34 and 52% from their initial train force, respectively.
Except for the first 30 s, the percent decline in tension was significantly greater in the HS group throughout the stimulation protocol. Exponential curves of the form Yt = ACt ÷ C were fit to the individual fatigue patterns. The equation de-scribing the soleus fatigue pattern in the control animals wasy t = 34e -t ÷ 66 and in the HS rats wasy t = 52e -t + 48.
The equations describing the G-P-S muscle group fatigue patterns
were Yt = 69e-t ÷ 31 for controls and Yt = 73e -t + 27 for HS animals.
The curves were significantly different between groups; however, the percent decline in force was not significantly greater in the HS group until 9 min of activation.
Blood flow measurements.
The absolute blood flows (ml/min) and blood flows expressed per 100 g tissue weight (ml. min -1. 100 g-l) during rest and isometric contractile activity are presented in Table 2 . The absolute blood flow to the soleus was significantly lower in the HS than in the control animals at all three time points. However, when normalized to muscle weight, soleus blood flow was not different between groups at rest or during contractile activity ( Table  2) . During contractile activity both the absolute and normalized blood flow to the plantaris and white gastrocnemius were significantly lower in the HS animals ( Table  2 ). The absolute flows of the red gastrocnemius (2 min) and mixed gastrocnemius (2 and 10 rain) were significantly lower in the HS than in the control animals ( Fig. 5 ). The resting soleus blood flow in the control group was lower than that in awake standing rats (20 _+ 3 vs. 36 + 5 ml. min -_. 100 g-l} but higher than that measured during acute (5 min) HS in conscious animals (20 _+3 vs. 8 _+ 1 ml-min -1-100 g-l) (19). The somewhat lower muscle blood flow in the anesthetized rat than in the awake standing rat was not surprising in that the hindlimbs of the anesthetized rat were unloaded. After HS, the resting soleus blood flow in the anesthetized rat was reduced by 40% compared with the control group. 
